Abstract Silver nanoparticles (17.78 ± 12.12 nm) were synthesized by the reduction of 0.5 M silver nitrate using formaldehyde as reducing and triethylamine as promoting and stabilizing agent. The particles were grain like agglomerates with spherical, centered-face cubic and crystalline in nature. The sample was highly pure with amine (NH) as associated and capping molecules. Further, the genotoxicity and oxidative stress of these particles were evaluated using Labeo rohita (L. rohita) as genetic model exposed (10-55 mg L -1 dose) through aquatic medium for 28 days. The cells were produced with micronuclei, fragmented, lobed and buds nuclei in dose dependent manner. The highest incidence of comet was recoded (27.34 ± 5.68) at 55 mg L -1 Ag-NPs and 14 days treatment. Then frequency was decreased to 22.65 ± 6.66% after 28 days due to complex repair mechanism. Moreover, the treatment also produces the oxidative stress and disturbs the level of GST in gill and liver tissue. There was a sharp decline in the activities of GST and this decrease of activity increase the MDA content. Further, the elevated level of GSH represents that the liver has started defensive mechanism against oxyraidcals. This study concluded, Ag-NPs are genotoxic in nature and produce micronuclei, comet cells and also induces oxidative stress in aquatic organisms.
Introduction
The nanoparticles are extensively synthesized with an average of 60,000 tons annual production (Jovanović et al. 2011) . The 622 companies of 30 countries produce 1814 nanoproducts of various application (Woodrow Wilson 2016) . Only 435 nanoproducts are silver based, forming 34% of total with 320 tons annual production (Jovanović et al. 2011; Vance et al. 2015; Woodrow Wilson 2016) . The extensive applications of Ag-NPs demand synthesis of these particles on large scale in economic ways. In the present decades, these particles are being synthesized through chemical, physical and biological methods. Among these, chemical reduction is more suitable method due to less cost of chemical, ease of control and less byproducts (Iravani et al. 2014) . Silver nitrate is the most dominant procure compound to synthesized Ag-NPs. Various inorganic and organic reducing agent are utilized in the reduction, including sodium borohydrate, sodium citrate, ascorbate, Tollen's reagent, ethylene glycol, elemental hydrogen, and dimethyl formamide (Iravani et al. 2014; Tran and Le 2013) . Currently, formaldehyde was used as reducing agent and triethylamine performed dual function as promoting and stabilizing agent.
The extensive use of Ag nanoproducts increases the discharge into aquatic and terrestrial environment. It further contaminated the environment through cement manufacturing, weathering of rocks, burning of fusel fuel, processing of ores, leaching and anthropogenic activities (Awasthi et al. 2013; Benn and Westerhoff 2008; Taju et al. 2014) . Rain is liable to release the silver in the water reservoirs or ground water (Wijnhoven et al. 2009 ). In the aquatic environment, it exits in four oxidation states (Ag, Ag ? , Ag ?2 and Ag ?3 ) with Ag and Ag ? most common form (Levard et al. 2012; Smith and Carson 1977) . Metallic silver is insoluble, whereas salts (AgCl, AgNO 3 ) are soluble in water and exists in the form of colloidal particles (Wijnhoven et al. 2009 ). Limit information regarding the toxicity of Ag-NPs particularly the genotoxicity and cytotoxicity is available (Khan et al. 2015a; Wijnhoven et al. 2009 ). Depending upon the literature, Ag-NPs are considered more toxic than other forms because of more readily absorbable. When it reaches the aquatic environment, AgNPs most likely to enter the ecosystems produce a physiological response and genotoxicity in animals (Luoma et al. 2008; Sohn et al. 2015) . Further studies also revealed Ag-NPs cause the oxidative stress in the aquatic organisms (Devi et al. 2015; Khan et al. 2016) . They increase the production of reactive oxygen species (ROS) and causes lipid peroxidation, intact with nucleic acid, lipid, protein, causes loss of membrane integrity, functional changes and mutation. All these factors contribute to health disorder (Kataria et al. 2010; Khan et al. 2015a, b) . The other genotoxic effects include DNA double-strand breaks, DSBs, chromosomal aberrations such as acentric and dicentric chromosomes, chromosomal fragmentation and fusions in the treated organisms (Ahamed et al. 2008; AshaRani et al. 2008b; Igwilo et al. 2006; Khan et al. 2015a) .
Numbers of toxicological studies have performed but it show huge variations due to lack of proper particles characterization (Gliga et al. 2014) . In recent studies, the researchers have focused on toxicity of Ag-NPs in aquatic organisms (Khan et al. 2015a; Monfared and Soltani 2013; Rajkumar et al. 2015; Reddy et al. 2013; Taju et al. 2014 ). The L. rohita is widely consumed fish in Pakistan for its delicious taste. This fish occupy the major riverine system of country. Water pollution is the major issue in the rivers and ground water which badly affects the aquatic organisms. This fish has the ability to accumulate and concentrate the heavy metals above the surrounding environment (Hamid et al. 2016) . Further, the test fish blood contained nucleated erythrocytes which further ease to estimate the damages due to environmental pollution. Therefore, this fish was used as model in the study.
Materials and methods

Synthesis and characterization of Ag-NPs
Silver nitrate (99.9%), formaldehyde (99%), triethylamine (98%) was purchased from Merck (Germany) via local distributor. In the brief methodology, silver nitrate (AgNO 3 ) was used as precursor compound and triethylamine with few drops as promoting and stabilizing agent. The 0.5 M solution of AgNO 3 was prepared in the double deionized water in beaker and stirred for 30 min on a magnetic stirrer (ARE VELP) at room temperature and kept the beaker covered with aluminium foal to avoid contaminations. A few drops of triethylamine were added to the solution as reaction-promoting agent. The solution was stirred for 5 min and 5 ml of formaldehydes added as reducing agent. The color of the solution started changing to black from clear, indicating the reduction of AgNO 3 to Ag-NPs. After 5 min, 2 ml of triethylamine was added as stabilizing agent. The solution was stirred for 2 h at room temperature and color was changed to greenish black. This solution was then stirred for 2 h at 160°C on hot plate till particles precipitated out. The precipitates were then washed with deionized water, filtered, and washed again with ethanol followed by distilled water to remove the unbounded triethylamine. The filtered particles were dried in an incubator at 85°C overnight and grained in the piston mortal to fine powder form.
The synthesis of the particles was monitor through Hitachi U-2800 spectrophotometer (5 nm resolution and wave lengths 200-700 nm). The absorbance was recorded for the samples of 30 min, 2 h at room temperature and 2 h at 160°C after mixing with formaldehyde. The morphology and size of particles was confirmed through SEM and TEM studies. The elemental composition was determined through EDX elemental analysis and associated molecules were recognized through FT-IR spectroscopy using Avatar Thermo Nicolet FT-IR spectrophotometer. The crystalline nature of the particles was confirmed through XRD analysis (thermo scientific ARL 100 X-ray diffractometer).
Laboratory conditions, Ag-NPs treatments and samples collection
The experimental L. rohita (50 ± 5 g weight, 29 ± 09 cm in length) was purchased from the fish hatchery under the Punjab fishy department Faisalabad and maintained under separated aquarium (temperature 28 ± 2°C and 12:12 L: D period). The test aquaria contained 40 liters of water. After acclimatization of 2 weeks, the fishes were divided into seven groups of five fishes in each group. The first group served as control and other exposed to 10, 20, 30, 45 and 55 mg L -1 Ag-NPs for a period of 28 days. The fish was fed twice a day with artificial diet and blood samples were collected randomly after 14 and 28 days by cardiac puncture using 2-ml heparinized needle flushed with EDTA.
Liver and gill (250 mg) were analyzed for silver concentrations. Using 3 ml of concentrated nitric acid (Sigma Aldrich) all samples was digested (temperature *250°C; pressure *70 bar) followed by addition of 3 ml of concentrated hydrochloric acid (Plasma Pure Sigma Aldrich). The digested samples were further diluted with 2% v/v nitric acid to a final concentration of 8-12% v/v. The limits of detection were between 0.7 and 2.0 ng g -1 in all samples.
Micronucleus test
A thin smear of blood from each treatment was made on pre-cleaned slide and fixed in methanol for 20 min after drying. The slides were air dried and stained with Giemsa staining (6%) for 25 min, washed with tap water, allowed to dried and examined at 100 X magnification under microscope (Nikon with DS-L3 camera). Small, circular or ovoid and non-refractive bodies with the same staining and focusing pattern as main nucleus was scored as micronuclei and frequency is each treatment was calculated with the following formula.
MN % ð Þ ¼ Number of cells with micronuclei Total number of cells scored Â 1000
The nuclear alterations (NA) were further identified as fragmented, notched, lobed and buds according to the classification proposed by Carrasco et al. (1990) . Furthermore, unidentified NA were placed in others category.
Comet assay
Blood was diluted with PBS of equal volume. 100 ll of 1% low melting point agarose (LMPA) was mixed and place 80 ll of this mixture on prepared slides. To spread the gel, coverslips were placed on the slides and placed on ice bag for 5-10 min till the gel got hard. The coverslip was carefully removed and a third layer of 0.5% 80 ll LPMA was added to each slide. The coverslip was replaced again to evenly spread the gel. The slide was again placed in slides tray resting on the ice bags for 5-10 min till the gel was harden. Finally, the coverslips were removed and slides were placed in Coplin jar containing freshly prepared and chilled lysing solution, kept in dark and stored for 1 h in refrigerator.
The gel box was filled with freshly prepared buffer (pH 13) till all the slides were completely covered with buffers. The slides were kept for 20 min in the electrophoresis buffer. This allowed the unwinding of DNA and expresses the alkali-labile damage. The supply of power was turned on at 24 votes and adjusting the current at 300 milli-amperes. The slides were electrophoresed for 30 min, gently removed from the buffer, placed in draining tray and coated with neutralizing solution drop by drop. The slides were allowed to dry, stained with ethidium bromide (80 ll) and leave for 5 min. To remove the excess stain; the slides were dipped in the chilled distilled water.
The DNA damage was visualized using the fluorescence microscope (Nikon with DS-L3 camera). Generally, 100 cells were analyzed per sample for the migration of DNA fragments of nucleus. Three classes of comet were identified including class 1 (slightly damage), class 2 (moderate or medium damage) and class 3 (extensively damage) beside the normal cells depending upon the damage and tail migration. The frequencies of the classes were recorded through visual observations and tails were measured with CASP software. Data were represented in the frequency of comet against each concentration and tail migration was measured in micro meter (lm).
Oxidative stress analysis
Gills and liver tissues were washed with ice cold KCl solution (1.15%) blotted, weighted and then homogenized separately in ice cold 4 volume of homogenizing buffer (1.15% KCl and 50 nM Tris-HCl to adjust the pH at 7.4). The tissues were homogenized with piston mortal and the content centrifuged at 10,000 rpm for 20 min in centrifuge (Sigma 2-16 k). The supernatant was separated, decanted and used for the activities of selected enzymes with the following procedures.
The activity of GST was measured by the methodology of Habig et al. (1974) and expressed in mol/mg protein.
The method formulated by Jollow et al. (1974) was used to determine the level of GSH expressed in l mol/mg protein.
The membrane lipid peroxidation was determined by estimating the level of MDA (Malonaldehyde content). The method of Wilchek and Bayer (1990) was used for estimation. The MDA content was calculated using the molar concentration coefficient 1.56 9 10 M -1 cm -1 expressed in lmol/mg protein.
Results
Characterization of particles
A sharp characteristics peak of absorbance was recorded between 400 and 480 nm due to surface plasmon resonance of Ag-NPs absorption confirming the reduction of silver nitrate. The spectrophotometer showed stronger peak of absorbance taking the reading after 5 min, 2 h at room temperature and 2 h on 160°C mixing with formaldehyde and continuous stirring (Fig. 1) . The SEM image showed agglomerations of 17.78 ± 12.12 nm grains like Ag-NPs. The histogram represents that maximum particles were between 5 and 20 nm ranges (Fig. 2) . The high purity of the sample was confirmed due to sharp peaks of silver and without any impurity peak in the EDX spectrum. A sharp peak was recorded approximately between 3 and 4 keV due to surface silver plasmon resonance (Fig. 3) . Further, the particles were face-centered cubic and crystalline in nature confirmed through distinct peak approximately at 38.10 h (111), 44.30 h (200), 64.51 h (220) and 77.62 h (311) in the XRD analysis (Fig. 4) . The structure parameters of Ag-NPs are provided in the (Fig. 5) . The TEM image of sol Ag-NPs presents varieties of shapes including spherical, triangular and irregular. The ring patterns of electron diffraction along the growth direction of Ag (110), (200), (220), (311) revealed the face-centered cubic and spherical crystalline nature of particles (Fig. 6 ). Silver accumulation in the gill and liver tissues was time and dose dependent. Slightly higher amount of silver was found in the gill compared to liver possibly due to direct content with contaminated water. In control group, concentration was below the detection level (Fig. 7) .
Genotoxicity
Mature and normal erythrocytes cells were large, oval and nucleated with 7-15 lm in size. Compare to control; significantly increase in the frequency of micronuclei recorded at each Ag-NPs treatment. Maximum frequency (5.03 ± 1.89) was recorded at 55 mg L -1 and 14 days treatment (Table 3 ) which continues to increase 6.31 ± 2.63 after 28 days (Table 4) . However, at other concentrations the induction of MN gradually increased with the time of exposures. The other nuclear alterations were recognized as fragmented nuclei, lobed, notched, bud nuclei and unidentified designated as others (Fig. 8) . All the Ag-NPs treatments show significantly different values of all classes compared to control group. Lobed nuclei were with the highest frequency (3.64 ± 0.50%) at 10 mg L -1 treatment after others (3.52 ± 1.71%) and fragmented nuclei (1.973 ± 0.62%). Notched nuclei were among the lowest in frequency after 14 days of treatment (Table 3) .
The extant of genotoxicity was also evaluated through frequency of comet cells, DNA tail migration and comet class 1, 2, 3 (Figs. 9, 10). The highest incidence of comets was recoded (27.34 ± 5.68) at 55 mg L -1 Ag-NPs treatment. However, the frequency of comet was decreased to 22.65 ± 6.66% after 28 days due repair mechanism. At low concentration, the frequency of class 1 was significantly higher than other classes. However, the frequency of other classes also increases with the increase of Ag-NPs concentration. Cells were severely damaged as represented by class 3 at 55 mg L -1 treatment and then decreased after 28 days due to repair mechanisms (Fig. 11) .
The Ag-NPs also cause oxidative stress in the treated animals. A sharp decline in the activities of GST was found in both gills and liver tissue and this decrease in the GST activities were significantly different for each treatment. The MDA content of gills and liver tissue showed increase with the increase in the concentration of Ag-NPs after the 14 days of treatment. A significantly high level (p \ 0.05) was found at 55 mg L -1 concentration which further increases to some extent after 28 days (Table 8 ). The increase in the MDA content of liver and gill tissue indicated the oxidative stress and disturbance of antioxidant system due to broken balance of oxidative and antioxidant system in the Ag-NPs challenged L. rohita. In addition, the MDA content of liver was significantly higher than gill tissue possibly due to damage in liver cells. Additionally, the level of GSH increased and indicates that the liver and gills started defensive mechanism against the oxyraidcals. The level of GSH in liver tissue was found almost twofold compared to gills and this was in response to elevated level of MDA content in liver.
Discussion
Ag-NPs are extensively used in commercial industry due to large number of nanoproducts (Khan et al. 2015a ). The synthesis through cost effective and eco-friendly methods is the challenge of new studies. We synthesized the particles by reducing the AgNO 3 with formaldehyde and triethylamine as protecting agent in the reaction. This method is very simple and most commonly used in the synthesis of Ag-NPs (Chaudhari et al. 2007; Pal et al. 2007 ). This method also ensures the synthesis of particles of various morphologies and desire sizes (Chen and Gao 2007; Kumar Few drops of triethylamine act as reaction promoting agent because the reduction through alone formaldehyde is very slow process. When promoting agent was added in the solution, the color of the solution started to change. It suddenly changed to black from colorless as the reducing agent is added. The change in the color was indication of reduction (Rajkumar et al. 2015; Vignesh et al. 2013) . The spectroscopic studies also showed a sharp peak nearly 420 nm at all-time intervals due to plasmon excitation (Kanipandian and Thirumurugan 2014) . A basic pH was maintained in reaction using triethylamine at the start for proper reduction of AgNO 3 to Ag. The individual particles were agglomerates due to Van der Waals and Coulomb's forces. Triethylamine was used as protecting and stabilizing agent. However, agglomerations seen were due to less or over amount of protecting agent (Fig. 2) . The particles were 17.78 ± 12.12 nm in average size when particles were analyzed for size analysis. Further the particles were face-centered cubic, spherical and highly crystalline in nature represented by peaks at 38.10 h (111), 44.30 h (200), 64.51 h (220) and 77.62 h (311) in the XRD analysis (Kanipandian and Thirumurugan 2014) . The sample was highly pure as expected and consists of only Ag and oxygen peaks without any impurity peaks in the EDX analysis ( Fig. 3 ; Table 2 ). The particles were large might be due to capping agent. The FT-IR spectroscopy conformed the capping and attach compounds to newly synthesized AgNPs. The prominent bands of absorption at 3334.7 cm (Paulraj et al. 2011 ).
The Ag-NPs cause significant genotoxicity and cytotoxicity due to oxidative stress and inflammation (Asharani et al. 2009; Ivask et al. 2015; Maurer and Meyer 2016) . Evidence of published literature suggested that Ag-NPs induce damage to DNA due to double strands breaks, fragmentation and fusions (AshaRani et al. 2008; Kovvuru et al. 2015) . This damage was detected through the micronuclei assay. In fish, the micronuclei test of blood erythrocytes is usually preferred because the fish erythrocytes are nucleated in nature. However, the gills and kidney tissues can also be used (Arslan et al. 2015; Bolognesi and Hayashi 2011; Palhares and Grisolia 2002) . In the present study, maximum frequency of MN (5.03 ± 1.89%) was at -1 Ag-NPs concentration after 14 and continues to increase. Similar study was performed by Furnus et al. (2014) , how recorded slightly different frequency of MN might be due to the difference in the fish species and most probably the environment. They performed the micronuclei assay for nine collected fish species in the River Paraná and revealed the highest MN and NA frequencies in erythrocytes of Steindachnerina brevipinna (Characiformes) significantly different from other species. The bud nuclei were the highest in frequency 3.36 ± 0.27% (14 days) and 2.70 ± 0.61% (28 days) after the unidentified nuclear alterations designated as others. However, at 14 days and 28 days of treatment the lobed nuclei exceed in frequency than bud nuclei (Tables 3, 4) . Unlike micronuclei, the frequencies of NA were found increasing at the highest dose, i.e., 55 mg L -1 of Ag-NPs with the increase of time interval from 14 to 28 days (Table 5 ). These findings show that the 55 mg L -1 concentration of Ag-NPs is highly toxic and produce the genotoxicity beyond the body repair mechanism. Several studies revealed the heavy metals in any forms (micro or nano forms) caused high frequencies of micronuclei and nuclear alterations in fields or laboratory conditions (Isani et al. 2009; Jaffal et al. 2015) .
The comet assay is very sensitive and adequate genotoxic method to assess single cell DNA damage. Singn et al. (1988) methodology was adopted with slight modification. This assay is based on the separation of loop of DNA where strands break form supercoiled DNA and allows the quantification of breaks in DNA and alkali labile sites. This loop is free to migrate towards anode in alkaline electrophoresis (Cavas et al. 2005; González-Acevedo et al. 2015) . In this study, DNA damage was assessed in the erythrocytes of L. rohita. Ag-NPs increased the frequency of comet cell and % DNA tail migration in dose dependent manner. Significantly higher comet frequencies (27.34 ± 5.68%) were seen at 55 mg L -1 concentrations (Table 6 ). Buschini et al. (2004) performed the comet assay on the erythrocytes of Cyprinus carpio to detect the possible genotoxic effects of disinfectants treated surface water. They found that comet and frequency of micronuclei was at the highest when erythrocytes were directly exposed to disinfected sodium hypochlorite and chloride. The similar findings were observed in the present study where the increase in the frequency of comet cells increase with the increase in the concentration of Ag-NPs. The DNA tail migration was 48.67 ± 7.51 lm when the blood was sampled after the 14 days and then decreased to 43.0 ± 3.46 lm after 28 days sampling due to DNA repair mechanisms followed by removal of damaging agent (Karlsson 2010; Karlsson et al. 2015) . A similar result was recorded by Rocha et al. (2011) in the erythrocytes of Aequidens treated with different concentration of methyl mercury. The fish erythrocytes showed increase in tailed of nucleoid when treated with MeHg (p \ 0.0001). The incidence of the comet was divided into three classes; slight damage (class 1), moderate damage (class 2) and severe damage (class 3) as shown in Figs. 10, 11 . At low Ag-NPs concentration (10-30 mg L -1 ), the erythrocytes were slightly damaged as represented by class 1; became severely damage with the increasing concentration. The frequency of severely damaged cells (class 3) was highest among all the classes at 55 mg L -1 concentration due to damaging the DNA repair mechanism. The frequency of severely damaged cells decreases after 28 days Ag-NPs treatment. This can be explained on the basis of the fact that slight and moderate damaged to genetic GST (mol mg Values in the same column not sharing the same letter are significantly different 5% level materials possibly eliminated by repair mechanism. The high concentration and prolonged exposure time damaged the repair mechanism in the severely damaged cells, hence failed to repair, and their frequency remain higher at higher concentration after 28 days of treatment. Janaina et al. (2005) recorded the similar comet classes in Corbicula fluminea (Mollusca) tissues exposed to methyl methane sulfonate for 40 min to concentration of 0.6, 1.2 or 2.4 9 10 -4 M. They used hemolymph, gill and digestive gland tissues to evaluate the DNA damage and found the highest damage in the gill tissues with all the comet classes from no damage to severe damage. Further, Hoshina and Marin-Morales (2010) also uses the comet classes to demonstrate the damage to DNA in the erythrocytes of Oreochromis niloticus sampled in the water with petroleum refinery effluents of Atibaia and Jaguarí rivers. They observed a high level of damage in the cells of fishes exposed to refinery effluents. They further recorded the petroleum refinery effluents producing genotoxicity even after the treatment.
In general, the pattern of the distribution was found similar in all test material. However, the accumulation was higher in the gill samples compared to liver possibly due to direct contact with the contaminated water. The highest concentration in the decreasing order was gills and liver. In spite of high dose (55 mg L -1 ) very limited amount was accumulated in the liver gills and plasma due to distribution in other organs including intestine, stomach, kidney, muscle and brain tissues. Second, large amount of particles might be lost through fecal material and some settle down in the aquaria. Several studies have also suggested the distribution of silver in tissue including skin, bone marrow, liver, spleen, kidney, heart, thyroid gland, adrenal gland, pancreases, brain and lymph node (Pfurtscheller et al. 2014) . Further these results are also comparable to Boudreau et al. (2016) in the case of 13 weeks administrated Sprague-Dawley rats. They found a dose dependent and significant accumulation detected in the tissues by ICP-MS in the liver, kidney, jejunum and colon. The accumulated particles cause oxidative stress which is one of the most important factor in toxicity of nanoparticles (Nel et al. 2006) . A possible role of the stress is damage to DNA and induction of apoptosis (Simonian and Coyle 1996) . In this study, there was a sharp decline in the activities of GST in both gill and liver tissue and significantly different at each treatment after 14 days. The value of GST also fluctuated at 30 mg L -1 where the level was found higher in the gill tissue compared to liver ( Table 7) .
The level of hepatic and gill MDA was sharply raised in all treated group as compared to the control. This increased level indicates that Ag-NPs induced the production of oxyradicals in the gills and liver tissue. Similarly, the increase level of GSH suggested that liver and gill tissues respond in defence against the increase level of oxyradicals. Some other studies also represented the conditions where the level of GSH increased due to xenobiotic and nanoparticles (Arora et al. 2009 ). Further GSH is also cofactor for GST and enhance the activity of this enzyme against free radicals in the oxidative stress (Table 8) .
Conclusion
It was concluded that Ag-NPs induced significant damage to the genetic material in the test fish which causes nuclear alterations in blood erythrocytes. The damage increases when the dose or time interval of the exposure increases. Further, Ag-NPs also produce oxidative stress. These findings are mainly focused on the toxicological effects of Ag-NPs. The signaling cascades in response of Ag-NPs that induce damage and the molecular repair mechanisms are still to be exposed in the future studies.
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